Vegetable oils are considered to be active in modulation of the blood lipid profile and profilacting from cardiovascular diseases, oils extracted from plants (sunflower seeds) may also contains some polar substances which can interferes with their action, if these oils are exposed to some washing processes with worm water, these substances will be removed. A thirty adult albino male rats were divided into five groups and exposed to a hyperlipidemic and hypercholesterolemic diet (animal fats 16% of total calories) and H 2 O 2 (0.5%) in the water for a 30 days for induction of hypercholesterolemia in addition to 15 days in which. sunflower oil are administered orally as a crude and washed oils at a doses of 300 and 600 mg/ kg body weight. There was no significant effect of the washing process on the nutritional status but there were a decrease in total cholesterol TC (50 %), phospholipids PL (42%), low density lipoproteins LDL-c (74%) and elevation in high density lipoproteins HDL-c (70%) resulted from the treatment with washed oil (600 mg/ kg body weight) in addition to decrease in liver malondialdehyde (MDA) content. In conclusion, the washing process of sunflower oil will improve it's hypocholesterolemic and antioxidant effects.
Introduction
Much has been studied about the benefits of replacing animal fats with vegetable oils in the diet, "Vegetable oil" is the name usually given to any oil product derived from plants of any description (fruit, vegetable) (1).
Sunflower (Helianthus annus seeds) oil considered to be an important vegetable oil used in human nutrition. It is light in density, yellow color appearance, and low in saturated fatty acids (SFAs) (2) . The ratio of polyunsaturated fatty acids (PUFAs) to Monounsaturated fatty acids (MUFAs) is about 3:1 (3). The main (PUFA) contained in Sunflower oil is linoleic acid (C18:2), while the (MUFA) is Oleic acid (C18:1) (about 25 %) whereas the palmitic acid (C16:0) is the major SFA (6%) (3).
The consumption of (PUFAs) and (MUFAs) in place of SFAs may lower the risk of atherosclerosis and lowering the mortality due to heart disease by reducing cholesterol levels in the blood (4, 5) , in addition to the sunflower oil fat soluble vitamins content especially E and A which they are considered a powerful antioxidants (6) , Phytosterols are also found in sunflower oil and they are effective because of their cholesterol lowering and antioxidant capacity (4), Sunflower oil has an iodine value about 130 and peroxide value about 0.5 meq/ kg and specific gravity at 25 C ْ is about 0.92 according to some national normal values (3) .
Although the beneficial effect of the vegetable oils on the lipid metabolism and lipid peroxidation (4,7), but there is an evidence that mechanical washing processes could be applied on these oils, It will enhances their well known effect on the health by removing some of polar substances which interferes with the action of the vegetable oils active ingredients (8) . The aim of this study is to evaluate the effects of crude and washed sunflower oils on the serum lipid profile, liver cholesterol, tissue's lipid peroxidation (liver, heart and kidney) of the male rats in cases of experimental hyperlipidemia and hypercholesterolemia induced in the male rats by using of saturated fats and hydrogen peroxide.
Materials and methods
Hyperlipidemic and hypercholesterolemic diet: diet ingredients were supplied from local market in order to meet the rats nutritional and physiological requirements according to the AOAC (9). 0.26% of cholesterol powder (Merck Co., Germany) and 4.69% saturated alcohol dissolved sheep tail fat were added to the other ingredients, diet was moitened with distilled water and formed in the shape of pellets dried in electrical oven at 55 C° then maintained in polyethylene bags in cool and dry place, moisture, ash and carbohydrates were determined according to Pearson (10), protein and crude lipid (ether extract) were determined according to American Nutrient Research Council (11) while the crude fibers were calculated from the difference between the sum of protein, lipid, carbohydrates, ash percentages and 100% (table 1). Crude sunflower oil extraction: sunflower seed's husks were removed manually, dehusk seeds milled with an electrical blender. Moisture was determined according to Pearson (10), diethyl ether solvent was examined for the presence of peroxide (9), crude sunflower oil was extracted by using of soxhlet by using a mixture of diethylether and ethanol as 1:1 (9), solvents were evapurated on water bath then completed on hot plate (45-50 C°)
Sunflower crude oil ratio was calculated as following: % of Sunflower crude oil = Weight of extracted oil / Weight of seed powder on dry matter × 100 = 29.73 %. Washing of extracted sunflower oil: the extracted oil was vigorously washed with warm water and benzene in a separatory funnel with continuous shaking in a water bath at 37 C° for 24 hours. The funnel settled overnight untill complete separation of the mixture for down watery and upper benzene layers which contains the distributed washed oil. Benzene layer was collected, benzene evapurated by using the rotary evaporator under vacuum. Dried oil weighted and maintained in a dark bottle at 7 C°. % of washed sunflower oil = Weight of washed oil / Weight of crude oil × 100 = 89.38 % Chemical and physical properties of the crude and washed sunflower oils: peroxide value (meq/kg), iodine number, percentage of steroides and pH value were determined according to Pearson (10) in addition to certain chemical constituents of the both oils (total cholesterol and triglycerides) and physical property (specific gravity) for both oils were determined (9). Hydrogen peroxide in drinking water: daily prepared fresh water containing 0.5% hydrogen peroxide (H2O2) was used in drinking water of hypercholesterolemic rats (Ad libitum) (4). Experimental design: thirty of adult albino male rats were divided into five groups and treated with hypercholesterolemic diet, in addition to hydrogen peroxide in drinking water for 30 days for induction of hypercholesterolemia as well as 15 days the period of treatment with sunflower oils as the following: First group: control (hypercholesterolemia without treatment). Second and third groups: treated with crude sunflower oil in a doses of 300 and 600 mg/ kg body weight respectively by gaveging. Fourth and fifth groups: treated with washed sunflower oil in a doses of 300 and 600 mg/ kg body weight respectively by gaveging.
Quantitative determination of consumed oil fat and lipid absorption:
Consumed fat estimated as following: Consumed fat (g) = consumed diet (g) × diet's fat percentage Intestinal lipid absorption can be calculated as following: Intestinal lipid absorption (g) = consumed dietary fat (g) -elemenated feces lipid (g). Blood specimens collection: blood specimens were collected from retroocular vein by using capillary tubes. After coagulation blood samples were centrifuged (3000 RPM) for 15 min, then serum was collected and maintained in deep freezing. Lipid profile determination: total lipid (TL mg/ 100 ml) was determined according to Toro and Ackermann (12) by oxidizing the lipid content in the sample then adding phosphovanilline reagent whereas total cholesterol (TC) and triglycerides (TG) were determined (mg/100 ml) by using determination kits from Syrbio reagents Co. Depending on enzymatic method, Low density lipoproteins (LDL-c) and high density lipoproteins (HDL-c) (mg/ 100 ml) determined by specific kits from Syrbio reagents Co. which depends on the precipitation of them and then estimation was done by using of cholesterol kit . Calculation of very low density lipoproteins and phospholipids: very low density lipoproteins (VLDL-c mg/100 ml) calculated according to Tietz (13) VLDL-c (mg/ 100 ml) = Triglycerides / 5 Phospholipids ( PL mg/ 100 ml) = (Total cholesterol × 0.89) + 68 (13). Tissue sampling: rats were sacrificed at the 15 th day and the organs (liver, kidney and heart) were separated, washed with cold normal saline and maintained in deep freezing. Determination of malondialdehyde in the tissues: malondialdehyde was determined according to Gilbert (14) by reacting the MDA content in the sample with thiobarbituric acid which gives a colored complex. Determination of total cholesterol in the liver: liver total cholesterol determined according to Folk, Morita (15,16) by dissolving the cholesterol in the sample with chloroform and ether then determinated by the specific kit . Statistic: all data were analyzed for the mean characters with the analysis of variance and Duncan multiple test range for the standard error differences according to Steel and Torrie (17).
Results
The washing process led to a decrease in the iodine number, peroxide value, specific gravity and the percentage of steroids, pH was elevated in the washed oil and the highly oil contents of total cholesterol and triglycerides was slightly affected by the process of washing (Table 2) . Table ( 3) showed that there was a significant decrease in the rat body weight gain, diet intake and dietary fat consumption in the groups treated with the dose 600 mg/ kg body weight of both oils while the weight gain was increased in the group treated with the dose 300 mg/ kg body weight of crude oil which was higher than that value of control group, diet intake and dietary fat consumption were less than that values of the control especially with the treatment with crude oil 300 mg/ kg body weight but there was no significant difference between the control and the treatment with washed oil 300 mg/ kg body weight.
The weight of feces was the same in the control and group treated with sunflower oils 300 mg/ kg body weight but it was elevated by the treatment with 600 mg/ kg body weight of both two trails of oils, also there was no significant difference in the fecal fat between all groups except the group treated with the washed oil 600 mg/ kg body weight.
There was no significant difference (p>0.05) in the intestinal fat absorption between the groups treated with the washed oil of both doses and control group, the least significant (p≤0.05) value of the intestinal fat absorption was seen in the group treated with the crude oil 600 mg/ kg body weight which was not significant with the group treated with the crude oil 300 mg/ kg body weight. Figure (1) showed that the highly significant (p≤0.05) decrease in the total lipids (TL) and triglycerides (TG) was seen in the groups treated with the dose 300 mg/ kg body weight of both trail oils, while the high significant decrease in the phospholipids (PL) was seen in the groups treated with the washed oil and crude oil 300 mg/ kg body weight, but the treatment with crude oil 600 mg/ kg body weight led to significant (p≤0.05) increase in the PL value in comparison with the other treatments which still significantly less than the value of the control group. Figure ( 2) refers to the high significant (p≤ 0.05) difference in the serum total cholesterol (TC) was for the groups treated with the both doses of washed oil , in addition to the treatment with crude oil 300 mg/ kg body weight, the group treated with the crude oil 600 mg/ kg body weight was higher in the TC than the other treated groups but still significantly (p≤0.05) under the value of the control group.
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Liver total cholesterol was decreased in the groups treated with the crude oil as well as washed oil 300 mg/ kg body weight, the group of washed oil 600 mg/ kg body weight did not differ from the dose 300 mg/ kg body weight of the two trails of sunflower oils but it considered to be declined in comparison with the control group. Figure (3) show a decrease in the LDL-c in the groups treated with the two doses of the washed oil in addition to the treatment with the crude oil 300 mg/ kg body weight which did not differ from the group treated with the dose of 600 mg/ kg body weight of the same oil, but the last group value of LDL-c is significantly decreased in comparison with the control, The very low density lipoproteins (VLDL-c), was highly decreased in the groups treated with the dose 300 mg/ kg body weight for two trails of oils but the decreased value was still less significant (p≤0.05) than the treatment with the dose 600 mg/ kg body weight in comparison with the control group. High density lipoproteins (HDL-c) value was elevated in all groups treated with sunflower oils in comparision with untreated control. Table ( 4) showed that the more significant (p≤0.05) decline in the malondialdehyde (MDA) content in the liver seen in the group treated with washed oil 300 mg/ kg body weight which has a greater rate of decline than the group which treated with crude oil in the same dose (300 mg/ kg body weight), while the MDA content is declined more significantly in the groups of crude oil 600 mg/ kg body weight and washed oil 300 mg/ kg body weight. In the kidneys the treatment with crude and washed sunflower oil of both doses caused a significant (p≤0.05) decrease in the MDA content of the four treated groups in the same manner in comparison with control. (2) refers to the washing process in causing a decrease in the iodine number that's means some of unsaturated fatty acids UFAs may removed by the washing solution, the international values of iodine number range between (88-135) (3). there was a decrease in the peroxide value caused by the washing process but this value remained over the international values (3). The specific gravity (Sp. Gr.) of the crude oil was higher than the reference value but washing normalized this value and increased pH value. The other characters (steroids, total cholesterol TC, triglycerides TG) did not affected with the washing process because of non polar characteristics of these compounds that did not dissolved in the polar phase (warm water). The decrease in iodine number means a decrease in the level of UFAs which was at the acidic state therefore pH value raised toward the alkaline state.
Results in table (3) showed that, the decrease in the rats body weight gain in groups treated with crude and washed oils of 600 mg/kg body weight, was resulted from the decrease in the dietary consumption which may be resulted from some interactions of oils with metabolic status especially in the high dose of sunflower oil whereas the decrease in the fat absorption which seen by the treatment with crude oil 600 mg/kg body weight may resulted from the high amount of fecal fat in this group (4) while the washed oil 600 mg/ kg body weight. showed a less amount of fecal fat with relatively high fat absorption which thought to be resulted from the increase rate of fat intestinal absorption by the treatment with washed oil which considered to be more pure and show it's effect in high doses.
Figure (1) showed that the decrease in the total lipids (TL) and triglycerides (TG) in the rat groups treated with washed and crude oils 300 mg/ kg body weight, was resulted from the high content of PUFAs (3) and (4) while the washed oil in the high dose (600 mg/ kg body weight.) caused the same effect of crude oil. This may be due to the relatively high dose administration but the greater decrease in the phospholipids (PL) in this group was resulted from the high relationship between PL and total cholesterol (TC) (4) . Figure ( 2) referred to the washing process success in decreasing TC even in the dose of 600 mg/ kg body weight which was the higher in the group of crude oil but it was lower than the control, it is mostly resulted from the ability of the washing process to remove some materials which it may make an impairment to the cholesterol metabolism such as lectin (4) .
The action of sunflower oil on TC was resulted from it's content of PUFA and MUFA (18) . In addition to the high amount of the Phytosterols (approx. 40%) (19) present in sunflower oil and the increase in the fecal excretion of steroids and bile acids which utilizes high amount of cholesterol (20) as well as to the action of sunflower oil in the modulating of intestinal fat absorption (4) and increasing insulin level (21). Washing process was not able to decrease liver TC in the same manner compared with the crude oil. The ability of Sunflower oil to decrease liver TC due to it's content of tocotrienols which is known to inhibit 3-hydroxy 3-methyl glutaryl CoA (HMG-CoA) reductase (a rate limiting enzyme in cholesterol biosynthesis) in the liver resulting in hypocholesterolemia and decrease liver cholesterol (20) . Figure ( 3) referred to the decrease in the low density lipoproteins (LDL-c) in the rat groups treated with washed oils was similar levels to those of TC, this decrease is related to TC which is 70% of it is carried in blood by LDL-c particles (4) . The treatment with sunflower oil will lead to increase the levels of LDL-c linoleinic acid (C18:3) which aids to normalize the metabolism of LDL-c (22) . As considered with very low density lipoproteins (VLDL-c) and high density lipoproteins (HDL-c), there were no significant difference between the effect of crude and washed oils. The HDL-c was elevated in the same manner without relation to dose or the type of oil, this elevation was due to the elevation in the level of apoprotein A-4 (apo A-4) which is very sensitive to the increase in dietary lipids, independent on the degree of fatty acid saturation (23) which stimulate the HDL-c biosynthesis specially HDL-3 (21) .
Results in table (4) showed that the treatment with washed oil 300 mg/ kg body weight which posses a peroxide value (5.50) less than that value of crude oil (7.10) caused the higher significant decrease in the malondialdehyde (MDA) concentration of the tissues especially in the liver which may lead to conclude that the washing process may cause a decrease in the ratio of the oxidized fatty acids in the oil which affect directly on the levels of lipid peroxides in the tissues and blood. The treatment with sunflower oil resulted a positive effect on the peroxidation lag time in addition to the linoleic acid (C18:2) present in the oil will enrich the LDL-c with this fatty acid which acts as antioxidant in the LDL-c particles (4).
In conclusion we can say that the washing process of crude sunflower oil did not affect serum TL, TG but positively affects the serum TC and lipoproteins in male rats and led to consume a larger amount of dietary fats without effect on serum TC in addition to the ability of the washing process to get rid of the portion of oxidized fatty acids in the oil and decreasing peroxidation products inside the cells.
